AD-A286  351 


Army  Research  Laboratory  _ 


High  Temperature  Superconducting 
Microwave  Device 

Dr.  Robert  M.  Catch ings 


ARL-CR-76 


November  1993 


prepared  by 

Howard  University 
Physics  Department 
Washington,  D.C.  20059 

under  contract 

DAAL01-92-K-0200 


li  1.  ' 

J’A  ' 


94-35587 


Approved  lot  piihlit  rcleiisc  disuihution  is  imlimiied 


I 


NOTICES 


Oiftclaimers 


The  findings  in  this  report  arc  not  to  be  construed  as  an 
official  Depattment  of  the  \rm>  position,  unless  so  dcsip- 
naied  b>  other  authori/ed  documents 

The  citation  of  trade  names  arid  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Cioseinment 
endorsement  or  approval  ni  commercial  pioducts  or  services 
referenced  herein 


I 


REPORT  DOCUMENTATION  PAGE 


form  Approvtd 
OMB  NO.  0704-0188 


>uM<t  iiomi’i  for  tt«n  cowoon  9*  mlennatian  rt  •mnutM  .o  i  »our  Mr  roponM.  indudhtg  Ui«  tim*  for  ntncmng  iMPucOcnt.  Munforf^  •■>tiin9  Oau  lourtn. 

atrtwH  wjmmiwrr^  a»»o«a  imM4,  tTro  toip»iKit«9  MM  rtwMwinq  tfw  toiMTDortof  inforoMlion.  ItrMl  coHHwnni  f«o*rd4n9  Ow  bur^n  twwww  or  tny  oumt  mm<i  cif  OM 
goMonenef  wfonttmoo.  oiduclio^  i>i99i>uc«i  for  >o*iC9n9  <»»«  ourMo.  to  MMi\<rt^o«  i  iiooamrtoo  tofwCTi.  Otf»<ter»tt  for  tfiformraon  Cvorvooto  ond  K«oart>.  I]1i  MHortan 
DMOHrftraiM.iurt*  1204.  arfwyten.  VA  22202MM2.  mM  io  t»M  Off»t0  0<  MM«A9MrMrW  MM  tuoyl.  r»0»rwOC»  Aodoction  >TO)«a  (0704-at>0>.  lAiAttwyon,  OC  lOW). 


1.  A6CNCY  USI  ONLY  {L»sv9  I  2.  REPORT  DATE 

I  tJoveiTibar  l'?9  3 


A.  TITU  AND  SUBTITLE 


3.  RCRORT  rVRE  AND  OATES  COVERED 

Final  Ret)ort 


S.  HJNOIMG  NUMBERS 


HIGfi  TEMPtRATURL  SLFEFCOfiDl'CTI  liG  MlCROlvAVF  DEVICE 


C:  DAAL01-92-K-0Z0C 


R.  AUTHORtS} 

Dr.  Robert  '1.  Catcl  inq^. 


ORGANUATION  NAMi<S)  ANO  AOORISSUS) 


noward  Univt'T  jit/ 
De;iart~ent 
nasrnnqtor. ,  DC  .'C'l 


■.  PfREORMWC  ORGANUATtON 
RtlNIRT  NUMBER 

CT.Z-R4921-CT-CT/ni 


t.  SROMSOBaM/MOMtTOnK  AGlNCir  NAMI(S)  ANO  AOORISS(ES) 

L'j  Arrriy  Re:.e.irch  EdboratOt>  (ARl) 

t  lei-lronics  and  Power  Eouf  res  Direcloratc  (EPSDI 

A— AMSRl-EP-EC 

Fort  Fionnout'i,  ?J.J  C  7  P FFA' i 


10.  SRONSORINC  /  MONITORING 
ACIMCY  RSRORT  NUMBER 

ARL-CR-76 


12a.  fmiT1IIMITIOM/AVAAA8lll1>  STATEMENT 


Uh.  0ISTIUBUT10N  CODE 


Approved  tor  public  reloafiei  distribution  is  unlimited. 


1J,  ABSTRACT  fMuumom  700  worJi) 


Thill  films  of  the  higli-T^  superconductor  Bi -Sr-Ca-Cu-0  were  prepared  by  sputter 
deposition.  The  films  were  deposited  at  room  temperature  and  then  post  deposition 
annealed.  A  microwave  measurement  system  based  on  a  microstrip  resonator  was 
established.  X-ray  diffraction  revealed  that  the  films  were  multi-phase. 
Resistance  of  ttiese  films  did  not  show  a  transition  when  cooled  to  liquid  nitrogen 
tempera  Lures , 


1A  SUBlia  terms 

)  ipei  tofiduc  tors  ;  splitter  i  ng  ;  thin  films 


15.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


17.  Siowmr  CLASStfiCAnON  Ilf.  SECURn>  dASSVICAriON  119.  SECURITY  CLASSIFICATION  I  20.  UMITATION  OF  ABSTRACT 

OP  REPORV  I  Of  THIS  PAGE  )  OF  ABSTRACT  I 


'  111  1  a  '.s  1  ♦  1  ed 


NSN  ?V«L01  i88-SSOe 


i.'nc  1  ass  i  f  ied 


Unclassified 


StandArd  Form  298  (R«v.  2.89) 

toy  Ai^SI  Sfd.  13^1* 

m-102 


CONTENTS 


INTRODUCTION .  1 

THIN  FILM  PREPARATION .  2 

MICROWAVE  MEASUREMENT  SYSTEM .  4 


FIGURES 


5 


INTRODUCTION 


High  temperature  superconducting  materials  offer  the  potential  for 
producing  passive  microwave  devices,  such  as  resonators,  detectors, 
filters,  delay  lines,  etc.,  that  have  orders  of  magnitude  better  properties 
than  standard  metal  systems.  Microstrip  line  resonators  made  of 
superconducting  materials  exhibit  higher  Q  values  than  copper  lines,  when 
operated  at  temperatures  below  their  superconducting  transition 
temperature.  High  temperature  superconducting  materials  are  leading  to  a 
new  technology  of  high  frequency  miniature  microwave  circuits. 

Commercial  high  temperature  superconducting  devices  are  commonly 
made  using  films  of  the  123  Y-Ba-Cu-0  system  or  the  Tl-Ba-Ca-Cu-O 
system.  The  system  Bi-Ca-Sr-Cu-O  has  superconducting  phases  but  is  not 
generally  used  to  make  devices.  This  system  forms  a  multiphase  system 
that  cannot  be  separated  to  form  a  single  phase  film.  The  system  gives 
two  superconducting  transition  temperatures  that  occur  near  120K  and 
90K. 


Our  research  work  over  the  past  year  has  involved: 

(1)  work  to  prepare  thin  films  of  the  system  Bi-Ca-Sr-Cu-0  by  RF 
sputtering; 

and 

(2)  assembling  a  microwave  system  for  measurement  of  the 
properties  of  the  high  temperature  superconducting  materials  and  devices. 


THIN  FILM  PREPARATION 


The  films  were  deposited  by  sputtering  onto  substrates  that  were 
not  heated  during  the  deposition.  The  films  were  taken  out  of  the 
sputtering  chamber  and  placed  in  a  furnace  for  annealing. 

X-ray  diffraction  measurements  that  I  made  on  the  films  did  reveal 
that  the  films  were  multi-phased.  One  phase  that  was  identified  was  the 
2-1 -2-2  superconducting  phase  of  the  Bi-Ca-Sr-Cu-0  system  [  for 
comparison  I  used  the  data  given  in  a  reference  by  R.  M.  Hazen  et  al.,  Phys. 
Rev.  Lett.,  £11,  1174  (1988].  The  surface  of  the  films  was  also  examined 
using  a  microscope.  The  microscope  showed  that  the  films  were  not 
homogeneous  and  of  good  quality.  The  films  consisted  of  small  isolated 
islands  or  beads  of  metallic  looking  regions. 

I  did  not  perform  magnetic  susceptibility  measurei.'onts  on  the 
films.  However,  I  did  make  a  simple  resistance  measurement.  The 
samples  has  a  very  high  resistance,  and  their  resistance  did  not  indicate  a 
superconducting  transition  down  to  liquid  nitrogen  temperature. 

We  attempted  to  prepare  thin  films  of  the  system  Bi-Sr-Ca-Cu-0  by 
RF  sputtering.  For  our  sputtering  system  we  needed  two-inch  diameter 
targets,  We  made  our  targets,  which  proved  to  be  a  difficult  task.  This 
compound  is  a  ceramic  material  and  tends  to  crack  or  crumble.  The 
targets  were  made  using  appropriate  amounts  of  the  compounds 
Bi203,CaC03,SrC03,  and  CUCO3.  The  powders  were  mixed,  fired  at  about 
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800°C,  the  resulting  compound  was  ground  to  a  powder,  then  this  power 
was  pressed  into  a  disk.  This  disk  was  then  placed  on  an  AIO3  disk  and 
heated  to  900°C  and  held  there  for  about  2  hours.  The  disk  was  then 
slowly  cooled  to  room  temperature. 

The  target  was  used  to  sputter  films  onto  2r02  substrates.  Our 
system  is  in  RF  magnetron  sputtering  system.  Argon  was  used  as  the 
working  gas. 

Thc<  films  were  analyzed  by  x-ray  diffraction  measurements  to 
identify  the  superconducting  phases.  Figure  1  shows  the  x-ray  diffraction 
pattern  for  one  film  sample.  The  lines  that  correspond  to  the 
superconducting  phase  are  marked  in  the  figure. 
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MICROWAVE  MEASUREMENT  SYSTEM 


The  work  over  the  past  year  also  dealt  with  putting  together  a 
system  for  making  microwave  surface  loss  measurements  on 
superconducting  materials.  I  purchased  a  Hewlett  Packard  8756A  Scalar 
Network  Analyzer  witli  a  sweep  oscillator  that  can  make  measurements 
from  0.01  to  18.6  GHz.  This  equipment  was  a  reconditioned  syslem.  A 
sample  probe  was  constructed  that  allowed  samples  to  be  measured  at 
low  temperature.  The  probe  was  constructed  similar  to  the  probe  of  Dr. 
Aniage  at  the  University  of  Maryland  (the  system  is  described  in  Rev.  Sci. 
Instr.  QZ,  1801  (1991)  and  Rev.  Sci.  Instr.  SjL.  2201  (1990).  The  sample 
probe  was  machined  in  our  Machine  Shop. 

The  system  allows  the  microstrip  resonator  technique  to  be  used 
which  is  a  very  sensitive  method  for  measuring  the  magnetic  penetration 
depth  and  surface  resistance  of  superconducting  films.  Our  reconditioned 
network  analyzer  was  found  to  work  very  well.  We  are  presently  limited 
in  testing  our  measurement  system,  because  we  did  not  have  a  quality  thin 
film  sample  or  a  superconducting  microwave  resonator  or  other  device  to 
test. 
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FIGURE  1 

X-Ray  Diffraction  Intensity  vs.  20  Bi-Si-Ca-Cu-0  film  on  Zr02  substrate. 


